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(57) Abstract 

The present invention relates to an integrating A/D converter and a radiation-sensitive sensor device comprising such a converter. 
The A/D converter comprises an integrating element, which during fixed time intervals integrates an input signal, and further a comparator, 
to the one input of which said integrated value is continuously supplied and to the other input of which a reference value is supplied, and a 
device comprising a clock pulse generator, which supplies a counter, which during said time intervals counts upwards or downwards from 
a starting value, and which, based on the output signal from the comparator, determines whether the integrated signal in upwards counting 
exceeds or equals the TefierBnce value and in downwards counting is lower than or equals the reference value and. If so, at which point of 
time in the time interval, which is a measure of the size of the signal. 
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Integrating A/D Converter and Radiation-Sensitive Sensor Device comprising such 
a Converter 

The present invention relates to an integrating A/D converter and a radiation- 
5 sensitive sensor device comprising such a converter. More specifically it concems 
converters of that sort which can determine the strength of a signal over a much 
greater interval than those which prior art such converters can manage. 

The background of the invention are optical sensor devices, which under highly 
10 varying intensity conditions will be saturated in known designs. However, the 

principle can also be used in other integrating A/D converters, which are thus also 
comprised by the invention. Nevertheless, the invention will be described in 
connection with optical sensors. 

15 The dynamic range of a radiation-sensitive sensor is nonmally restricted upwards by 
the maximum intensity that can be detected without its maximum reading value 
being exceeded. For a given resolution, in the case of digital sensors, the range is 
besides restricted upwards by the greatest digital value that can be expressed with 
the given number of bits that are available. 

20 

An ordinary mode of function of a radiation-sensitive sensor is that a photodiode is 
illuminated and the thus generated cun^nt is integrated In an element, e.g. a 
capacitor, during the time of exposure. After the time of exposure, the value can be 
read and/or be A/D converted. 

>5 

In the A/D conversion, use is often made of a circuit solution, which means that 
after completion of the exposure, a counter emits a sequence of gradually increas- 
ing digital values, which are converted into analogue values and which are sub- 
sequently compared with the exposure value that was generated during the last 
\0 exposure. When the value of the counter is equal to or greater than the exposure 
value, the digital value is stored as the value that conesponds to the analogue 
exposure value. 

In many applications, prior-art sensor devices as those mentioned above cannot 
5 measure over a sufficiently great intensity range. An example of measuring tasks 
that cause problems is the watching, by means of an image-generating sensor, of 
objects having very different radiation intensity in various parts. A missile with a 
trailing jet can be mentioned as an example. It may very well be the case that both 
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the shape of the missile, which is given with low radiation intensity, and the stmc- 
ture of the flame, which is given with high intensity, are important. It is not possible 
to measure these two matters at the same time while using prior-art detector 
matrices. It is necessary to measure periodically with different exposure time. 

5 

A device will be described below, the application of which permits detection of and 
quantification of the size of exposure values and other input signals, whose ampli- 
tudes are much greater than the maximum value which can be handled by prior-art 
sensors. This is done by giving it the design as defined in the accompanying claims. 

10 

The invention can also be used in very rapid adaptation of exposure time to 
changed illumination since it is possible to immediately obtain a good measure of 
how much a sensor has suddenly been overexposed in the classic measuring 
range. A sensor according to the invention is also extremely suited for anti sensor 
15 laser detection since the sensor registers amplitudes although the measured values 
should normally cause an indication that the sensor has been saturated. 

The invention will now be described in more detail with reference to the accompany- 
ing drawings, in which 



Fig. 5 shows an embodiment of a combined A/D converter according to the 
invention. 

Fig. 1 shows a prior-art A/D converter. The parts appearing in the box are repeated 
30 for each cell whereas the parts situated outside are common. The A/D converter 
comprises a light-sensitive cell which is cleared and subjected to exposure. During 
exposure, the value corresponding to the Intensity integrated during exposure 
increases. This value is stated in the Figure; as "Analogue input". When the expo- 
sure time has been achieved, a hold signal is emitted from the control electronics 
35 such that the analogue signal is sampled and held In the S/H circuit. At the same 
time, the counter is cleared and begins to count upvrards. The digital values of the 
counter are converted into analogue values in a D/A converter. The two analogue 
values are compared in a comparator, and if the values are found to be equal or if 



20 



25 



Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 



shows a prior-art A/D converter, 
shows a graph of "afterExpAD" with n=3, 
illustrates an embodiment of an inventive A/D converter, 
shows a graph of "duringExpAD" with n=3 for a combined A/D con- 
verter according to the invention, and 
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the hold value is smaller than the value of the counter in analogue form, this 
counter value is stored in digital form as the digital value of the Intensity. This type 
of A/D conversion is below called "afterExpAD'. 

5 Fig. 2 shows the ratio of the digital value from the A/D conversion, DVad- to the 
exposure value of the time texp. E(texp). The Figure illustrates the appearance of 
the graph when 'afterExpAD' is applied and the number of bits n equals 3. Usually, 
more bits are used, for instance 8. As will be seen in Fig. 2. only exposure values 
smaller than EADmax(texp) can be distinguished. This type of A/D converter can 
10 define, with n bits, an intensity value of at most 2"-1 . The value 2"-1 will below be 
called "maximum reference value". 



An A/D converter that does not suffer from the above-mentioned drawback can 
function as follows, see also Fig. 3. The parts appearing in the box are repeated for 

15 each cell whereas the parts situated outside are common. When the exposure is to 
begin, the counter is cleared and begins to count upwards. It is of course conceiv- 
able to count dovmwards instead, starting from a fixed starting value. This is also 
possible in connection with the prior-art A/D converter according to Fig. 1. It is 
obvious to Imagine that the counter is supplied with a constant clock frequency, the 

20 period of which together with the maximum number of steps of the counter deter- 
mine the length of the exposure time. However, it is also conceivable to let the clock 
frequency vary during the counting procedure. The rising value is supplied to the 
comparator from the integrating cell directly without any hold, i.e. tracking. A refer- 
ence value is supplied to the second input of the comparator. In the first place, it is 

25 possible to use the maximum reference value according to the above example. For 
specific applications, for instance when a new exposure time is to be selected 
quickly, it is possible to use a fraction of the maximum reference value, for instance 
a fourth or an eighth of the maximum reference value. If the comparator finds 
equality before the end of the exposure time, the exposure time that has passed 

30 since the clearing is a measure of the intensity, and therefore the size of the 
counter value is a measure of the intensity. This mode of A/D conversion as 
described above is below called 'duringExpAD'. 

To permit measuring over a complete interval from the intensity zero and far above 
35 the normal saturation limit - the maximum reference value - it is possible to use one 
AJD converter of the 'afterExpAD' type and one of the 'duringExpAD' type. When 
studying Figs 1 and 3, It will be seen that a great part of the components included 
are common in an A/D converter of the two types. It is therefore easy to an-ange a 



.9734374A1_I_> 



wo 97/34374 



4 



PCT/SE97/00442 



device sharing these components and having a switching device which switches 
between the two types. 

Fig. 4 shows what the ratio of the digital value from the A/D conversion. DVad- 
5 to the exposure value of the time tgxp E(texp) conver- 
sion process 'duringExpAD' according to the present invention is combined 
with, for Instance, 'afterExpAD'. If the exposure value is smaller than or equals 
EADmax(*exp)' 'aflerExpAD' is applied. If the exposure value is greater than 
EADmax(W' 'duringExpAD' \s applied. 

10 

The digital value, DVad. ordinary A/D conversion assume values between 
0 and 2"-1. In "duringExpAD". use is made of the same binary digit as in 
"afterExpAD", but in this context they will have a different meaning. In Fig. 4, DVad 
assumes values from 2"-1 to 0 with "duringExpAD". 

15 

It is possible to concretely design such combined A/D converters in a number of dif- 
ferent ways. Three are here to be mentioned, called A. B and C. which use a fixed 
exposure time and one called D. which has a selectable exposure time. 

20 A: During the exposure phase. "duringExpAD" is used. When the exposure is com- 
pleted, a change is made to any of the known forms of conversion, for instance 
"afterExpAD", provided that it would be found that no storage took place during the 
exposure interval. This results in different output values depending on whether the 
exposure value was greater or smaller than the maximum reference value. In case 

25 of ambiguity regarding which method has been used, and consequently, vi/hich 

intensity has been available, a check bit can be added for unambiguous detemnina- 
tion of the exposure value. See also Fig. 5. The parts appearing in the box are 
repeated for each cell whereas those situated outside are common. 

30 B: As above, but vwth reading directly after exposure, virtiich will then show the digi- 
tal value corresponding to the mawmum reference value, provided that the expo- 
sure value was smaller than the maximum reference value and that the output 
register was cleared as the counter was cleared. In this case, the extra bit is not 
necessary. 

35 

C: To be able to use the sensitivity as much as possible, it is possible to proceed 
as follows instead. An exposure takes place as usual, but this time the logic does 
not wait for the A/D conversion to be completed, but begins its exposure for the 
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next image directly according to a prior-art method. This means that the conversion 
of the exposed intensity value according to the inventive method "dunngExpAD" 
takes place at the same time as conversion of the preceding exposed value takes 
place according to a prior-art method, for example "afterExpAD", To permit applica- 
5 tion of such a method, there must be an additional counter, an additional compara- 
tor and an additional register. Since In this case use is made of two separate regis- 
ters, it is not necessary to use an additional bit, but the register address is sufficient 
to detemiine which measuring method yields a usable measuring result. 

10 D: As above, but permitting a variable clock frequency and an arbitrary maximum 
reference value to be selected. It is necessary to carry out more extensive calcula- 
tion woric to determine the optimal maximum reference value and the optimal clock 
frequency since they are a function of each other. If it should turn out that the calcu- 
lation work should be critical in time, the values can be tabulated since their num- 

15 ber is limited. The resolution in exposure time is the factor that determines the num- 
ber of values, but the resolution need not be too great since the exposure time is 
calculated as an estimate of the light that will arise. A perfect optimisation of the 
exposure time requires that the exposure value be known, but if it were known, it 
need not be measured. ' 

20 

If selecting, for instance, to let the clock pulses come at gradually decreasing inter- 
vals, the linearity of the graph in Fig. 4 increases. If the pulses are allowed to have 
a logarithmic distribution, the graph will be linear. 
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Claims: 



1 . An integrating A/D converter comprising an integrating element, which during 
fixed time intervals integrates an input signal, characterised in that 
5 it further comprises a comparator, to the one input of which said integrated value Is 
continuously supplied and to the other input of which a reference value is supplied, 
and a device comprising a clock pulse generator, which supplies a counter, which 
during said time Intervals counts upwards or downwards from a starting value, and 
which, based on the output signal from the comparator, determines whether the 
10 integrated signal, in upwards counting, exceeds or is equal to the reference value 
and. in downwards counting, is lower than or equal to the reference value and. if so. 
at v»/hlch point of time in the time inten/al. which is a measure of the size of the 
signal. 

15 2. A radiation-sensitive sensor device comprising an integrating A/D converter, 
which comprises a radiation-sensitive element and an integrating element, which 
during fixed time inten^als integrates the signal from the radiation-sensitive element, 
characterised in that it further comprises a comparator, to the one 
Input of which said integrated value is continuously supplied and to the other input 

20 of which a reference value is supplied, and a device comprising a clock pulse 
generator, which supplies a counter, v^ich during said time intervals counts 
upwards or downwards from a starting value, and which, based on the output signal 
from the comparator, detennines whether the integrated signal, in upwards count- 
ing, exceeds or is equal to the reference value and. in downwards counting, is lower 

25 than or equal to the reference value and. if so, at which point of time in the time 
interval, which is a measure of the size of the signal. 

3. A radiation-sensitive sensor device as claimed in claim 2, c h a r a c - 

t e r i s e d in that it comprises an array of radiation-sensitive detectors with one 
30 comparator for each detector, which have a common clock pulse generator and a 
common counter. 

4. A device as claimed in any one of the preceding claims, character- 
ised in that it also comprises a second integrating A/D converter, which com- 

35 prises an integrating element, which during fixed time intervals integrates said input 
signal, said second integrating A/D converter comprising a comparator, to the one 
input of virtiich said integrated value is supplied after each time interval and to the 
other input of which a counter value is supplied in analogue form from a counter. 
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which during said time intervals counts upwards or downwards from a starting 
value, the counter being supplied from a clocl< pulse generator, and a device which, 
based on the output signal from the comparator, determines whether the value from 
the counter, in upwards counting, exceeds or is equal to the integrated signal and, 
5 in downwards counting, is lower than or equal to the integrated signal and, if so. at 
which point of time in the time interval, which is a measure of the size of the signal. 

5. A device as claimed in claim 4,characterisedin that the first 
and the second integrating A/D converter comprise substantially common compo- 

1 0 nents. and that it comprises a switch v&iich during the time intervals conducts the 
reference value to the comparator and the value of the counter to the device which 
determines the point of time when, if at all. the integrated value supplied to the 
comparator reaches the reference value, and which after the time inten/als supplies 
the value of the counter to one input of the comparator and to the device which 

1 5 determines the point of time when, if at all, the value of the counter reaches the 
integrated value supplied to the comparator. 

6. A device as claimed in claim 5, characterised in that both the 
first and the second A/D converter are adapted to measure the intensity during time 

20 Inten/als directly succeeding each other, the first A/D converter measuring the 

intensity during the current interval whereas the second at the same time measures 
the intensify during the very time interval before, which is rendered possible, inter 
alia, by the device comprising a second set of counter, comparator and register, 
and a switch. 

25 

7. A device as claimed in any one of claims 3-6, characterised in 
that the clock pulse generation is adapted to supply different pulse frequencies to 
the first and the second A/D converter. 

30 8. A device as claimed in any one of claims 3-7, characterised in 
that to the first A/D converter, the cloclc pulses are supplied with a frequency chang- 
ing during the exposure. 

9. A device as claimed in any one of claims 3-8, characterised in 
35 that the reference value is a maximum reference value, which con-esponds to 2"-1, 
where n relates to the number of bits of the A/D converter. 
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10. A device as claimed in any one of claims 3-8, characterised in 
that the reference value is a fraction of a maximum reference value, which later cor- 
responds to 2*^-1, where n relates to the number of bits of the A/D converter. 
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